Introduction
Many studies on the photosystem II acceptor com plex suggest th a t electron tran sp o rt from the prim ary acceptor Q A to the pool o f plastoquinone proceeds via a secondary acceptor Q B, previously called 'B' or 'R ' [ 1 -6 ] . Q B is able to store one elec tron until upon a second photoact tw o electrons are accum ulated and then released into the p la sto q u i none pool. By the use of inhibitors like D C M U which block reoxidation of Q A and by ap p licatio n o f single-turnover light flashes a careful investiga tion o f this two electron gating m echanism at the photosystem II acceptor side has been possible. O bservations o f binary oscillations in D C M U -in duced fluorescence increase, in dependence o f the num ber o f preillum inating, single-turnover flashes, has been considered a strong arg u m en t in favour o f this concept [1, 3, 4] , Recently Velthuys p roposed th at in h ib ito r b in d ing at the PS II acceptor com plex is in co m p etitio n with the binding o f p lasto q u in o n e [7] , In this m odel, Q b is a plastosem iquinone an io n w hich becom es stabilized by binding to th e p rim ary accep to r Q A. Inhibitor binding can take place only w hen the binding site is vacant, i.e. w hen not o ccu p ied by Q b. Support for this m odel has com e from fluorescence studies [6 , 8 , 9] and, m ore directly, from [14C ]D C M U binding studies [ 1 0 , 1 1 ] .
Here, we report in m ore detail on red o x -state dependent binding o f rad io activ ely lab elled PS II inhibitors. P articular atten tio n is given to a p o p u la tion o f PS II centers w hich in prev io u s studies appeared to bind D C M U in a redox in d e p en d e n t m anner [10, 11] . It will be show n, th a t a su b stan tial part o f Q i is reoxidized follow ing a single flash by a yet unknown m echanism and, th erefo re, will disp lay the sam e binding properties as d ark ad a p te d centers.
Materials and Methods
All experim ents were carried o u t w ith isolated chloroplast m em branes from g reenhouse-grow n Spinacia oleracea. T he isolation o f the m e m b ran es was perform ed as described in [ 1 2 ] w ith th e m o d ific a tions as in [10] . The p rep a ra tio n o f in tact c h lo ro plasts was stored in the d ark on ice for at least 3 h. 
Redox-state dependent binding kinetics
In evaluating the results o f Fig. 1 it is im p o rta n t to note that in hibitor binding was assayed after extents o f the three b inding phases follow ing a single flash. W hile these differences are by far too large to be caused by variation o f experim ental param eters, there seem s to be a distinct effect o f seasonal ad a p tatio n o f spinach plants. As it ap p ears, there is a tendency for a large 'p h ase 1 ' and a sm all 'phase 3' in w inter spinach [10] . On the contrary, sum m er spinach shows a sm all 'phase 1 ' and a large 'phase 3' [11] .
Stability o f the semiquinone anion Q B
According to a simple model of charge accum ula tion at the PS II acceptor side, a single-turnover, saturating flash should produce alm ost q u a n tita tiv e ly Q b, provided the acceptor com plex is com pletely oxidized before the flash. F u rth erm o re this Q i should be very stable, if reoxidation via the PS II back-reaction is prevented by N H 2O H. T he d ata o f Fig. 2 and o f previous reports [10, 11] cannot agree with such a sim ple m odel, w hen at the sam e tim e the 'inhibitor-plastoquinone com petition m o d e l' shall apply, i.e. th at D C M U will bind only to centers w ithout bound Q i. O bviously even after a single flash a considerable am o u n t o f D C M U can be bound (see Fig. 2 
Analysis o f concentration dependent inhibitor binding
In Fig. 4 the flash), to two separated recep to r sites. Such approach has proven useful in a large n u m b e r o f investigations on the m ode o f co m p etitio n o f d iffe r ent herbicides [14] [15] [16] [17] , In the present case, h o w ever, such conclusion would be in co n trad ictio n to the original 'in h ib ito r-Q i co m p etitio n m o d e l' [7] as already pointed out previously [11] . O u r new o b se r vation o f partial Qb reoxidation follow ing a single flash (see Fig. 3 . 6 ). It was p rev io u sly shown by Lavergne [8 ] th at h alf-sa tu ra tio n o f D C M U -induced fluorescence increase is at a co n centration o f 6.5 x 10-7 m at pH 7.
Discussion
The presented binding d ata, in co m b in atio n w ith the fluorescence data give strong fu rth e r su p p o rt to the 'inhibitor-plastoquinone co m p etitio n m o d e l' proposed by Velthuys [7] an d elab o rated by Lavergne [8 , 9] . The d ata suggest th at the singly reduced, secondary PS II acceptor Q b binds strongly to the inhibitor binding site and thus prevents sig nificant inhibitor binding w ithin a co n cen tratio n range (up to about 10" 7 M free D C M U ) w hich gives saturated binding at oxidized centers (see Figs. 4 and 5). D isplacem ent o f Qb by D C M U , w hich causes a fluorescence increase by electron reversal on the prim ary acceptor Q A, will occur at co n sid er ably higher in hibitor concentrations (see Fig. 6 and [9] ) and therefore, does not co n trib u te significantly to binding properties displayed in Figs There is a considerable am o u n t o f in h ib ito r b in d ing following a single flash w hich at first sight appears to be redox-state in dependent and actually has been interpreted th at way [10] . H ow ever, the fluorescence data o f Fig. 3 The question arises by w hich m echanism Q i b e comes reoxidized follow ing a single flash. As show n in Fig. 3 , this reoxidation is not due to the presence o f a significant am o u n t o f Q i before the flash. Also, the presence o f 5 mM N H 2O H should block charge recom bination at the PS II centers and prevent double-hits [18] . An outstanding feature o f this type of Q i reoxidation ap p ears to be its large v ariab ility with seasonal ad a p ta tio n o f th e plants. O ne m ay consider the possible existence o f an ad d itio n a l redox com ponent in the PS II accep to r com plex, which m ay eith er feed an electron in to Q i or receive an electron from it. Both cases w ould lead to reoxidation o f Q i and to its release from th e b in d ing site. The seasonal flu ctu atio n s o f th e a m o u n t o f D C M U bound follow ing a single flash m ay in d icate variability in the relative co n cen tratio n o f such hypothetical, alternate acceptor or o f its red u ctio n level. There are num erous rep o rts from J o lio t's laboratory [19 -21] and by L avergne [9, 22, 23] on alternate PS II acceptors. Also, the 'h igh p o te n tia l' PS II acceptors described by Bowes et al. [24] and by H ardt [25] may be involved.
